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(54) An ion exchange membrane and electrode assembly for an electrochemical cell 



(57) This invention provides a solid polymer ion ex- 
change membrane/electrode assembly, or an electrode/ 
solid polymer ion exchange membrane /electrode as- 
sembly, for an electrochemical cell, which consists of 
planar layers of materials intimately joined together to 
form a unitary structure. The layers are joined together 



by solid polymer ion exchange resin present in at least 
one of each pair of adjacent layers, at least one of said 
layers comprising porous expanded polytetrafluoroeth- 
ylene. The unitary assembly can be used in an electro- 
chemical cell such as a battery, electrolytic reactor, or 
fuel cell. 
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Description 

This invention relates to ion exchange membranes 
and electrodes for use in electrochemical devices such 
as batteries, fuel cells.and electrolytic reactors. More 5 
particularly, the invention relates to electrodes and solid 
polymer ion exchange membranes combined to form a 
unitary assembly. 

Electrochemical cells which employ ion exchange 
membranes formed of solid polymer ion exchange res- io 
ins and electrodes in which catalytically-active electri- 
cally-conductive materials are included are well known 
in the art. Such cells can be used for the generation of 
electricity, for example, in fuel cells and batteries; or in 
electrolytic reactors, for example, for electrolysis of wa- 
ter, chemical synthesis, and many other uses. 

Such cells are manufactured by various techniques 
which provide a structure of a solid polymer electrolyte 
(SPE) membrane, or proton exchange membrane, for 
ion exchange, sandwiched between electrodes for cur- 20 
rent transfer and, in the case of gaseous fuel cells, gas 
diffusion. Solid polymer ion exchange membranes use- 
ful in such devices can be selected from commercially 
available membranes, for example, perfluorinated 
membranes sold under the tradenames Nafion® (Du- 25 
Pont Co.) and Flemion® (Asahi Glass Co.); or formed 
as films cast from solutions containing commercially 
available ion exchange resins. The electrodes are often 
formed of electrically-conductive particulate materials 
(which may include catalyst materials) held together by 30 
a polymeric binder. Polytetrafluoroethyiene (PTFE) res- 
in, due to its chemical inertness and high temperature 
resistance, is often used as the polymeric binder. The 
PTFE resin is usually combined with the particulate 
electrode materials and molded or processed into sheet 35 
form by PTFE paste-forming processes known in the art. 
The cells may also include porous current collection or 
distribution layers, for example, platinum wire mesh or 
woven carbon cloth, in contact with the electrode sur- 
faces facing away from the ion exchange membrane. 40 
Important considerations in such layered structures in- 
clude uniformity in the thickness and distribution of func- 
tional materials forming, or within, the layers; and quality 
and durability of contact between the layers. It is also 
desired that the layers be as thin as possible to increase *s 
the energy efficiency and current density of the cells. 

To improve the energy efficiency of the electro- 
chemical devices, electrode structures have been mod- 
ified to increase the number of reaction sites. In addition, 
to increase the rate of ion movement, solid polymer ion so 
exchange resins have been included within the elec- 
trode structures. To allow the ions produced to move 
rapidly toward the counter electrode, it is necessary to 
improve the contact between the solid polymer ion ex- 
change resin inside the electrode and the ion exchange 55 
membrane, and to lower the membrane resistance of 
the ion exchange membrane itself. 

Conventionally, the solid polymer membranes are 



joined to the electrodes by hot pressing or simply held 
together in the cell by mechanical forces applied to 
them. It is difficult, however, to produce a cell with thin 
membranes by either method. When hot pressing is 
used the membrane material is softened and weakened 
by the heat and, if too thin, will rupture and create a gas 
leakage path or cause a short circuit between the elec- 
trodes. Such problems are exacerbated if the electrode 
surfaces have poor smoothness. When only mechanical 
force is used, a much greater force is required to ensure 
uniform contact and to obtain a low contact resistance 
between the membrane and electrodes, and the same 
problems are encountered with thin ion exchange mem- 
branes. A further disadvantage is that pressure applied 
to force the electrodes and membrane together, whether 
with or without heat, can cause compaction of the elec- 
trodes and thus reduce the gas permeability of the elec- 
trode. 

Means used to address these problems include ap- 
plying and drying a solution containing a solid polymer 
ion exchange resin to an electrode surface, and then 
joining the coated electrode to an ion exchange mem- 
brane by hot pressing. Another method described is to 
apply a solution containing a solid polymer ion exchange 
resin, or a solvent for the resin, to an electrode surface 
and then, with solvent still present on the surface, join 
the coated electrode to an ion exchange membrane, af- 
ter which the solvent is removed. In another method a 
solution containing a solid polymer ion exchange resin 
is applied to a surface of two electrodes and, while still 
wet, the coated surfaces are brought together, after 
which the solvent is removed and an ion exchange 
membrane formed between the electrodes. These 
methods, too, suffer drawbacks in that it is very difficult 
to control the penetration of the applied solutions into 
the electrodes and excessive amounts of the solutions 
must be applied. This often results in impaired gas dif- 
fusitivity in the electrodes and also makes it difficult to 
obtain a thin ion exchange membrane with a uniform 
thickness. 

Other methods to produce ion exchange mem- 
brane/electrode structures in which electrodes are 
formed on a current collector and subsequently joined 
to an ion exchange membrane; or in which electrodes 
are formed directly on an ion exchange membrane and 
subsequently joined to a gas diffusion material or cur- 
rent collector, are also known in the art. Most such meth- 
ods are variants or combinations of the methods de- 
scribed above, except that different substrates are used, 
and have drawbacks similar to those described. 

U.S. Patent 5,234,777 (to Wilson) is for a mem- 
brane catalyst layer structure for a fuel cell which incor- 
porates a thin catalyst layer between a solid polymer 
electrolyte and a porous electrode backing. Wilson dis- 
closes a catalyst film formed from an ink preparation 
consisting of a mixture of carbon particle-supported plat- 
inum catalyst, a solubilized ion exchange resin, and 
thickening agents. The electrode ink can be applied to 
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a release surface, oven-dried to form a thin layer, and, 
after sufficient layers have been added to form the film, 
removed and hot pressed to an ion exchange mem- 
brane. An alternative method is also disclosed in which 
a different form of the ion exchange resin is solubilized s 
in the ink mixture, the electrode ink is applied to the sur- 
face of an ion exchange membrane, heated and dried 
to form a layer, and, after sufficient layers have been 
added to form the film, treat the assembly to convert the 
ion exchange resin to its use form. io 

This invention provides an electrode/solid polymer 
ion exchange membrane assembly for an electrochem- 
ical ceil comprising planar layers of materials intimately 
joined together to form a unitary structure. The layers 
are intimately joined together by a bond, formed across is 
the layer interface, by solid polymer ion exchange resin 
present in at least one of each pair of adjacent layers. 
Each embodiment of the invention has one or more lay- 
ers supported by at least one preformed support matrix 
formed of porous polytetrafluoroethylene. The pre- 20 
formed support matrix of polytetrafluoroethylene con- 
tains the electrode-forming or ion exchange membrane- 
forming materials of the layer, and provides strength, re- 
inforcement, and handleability, while substantially pre- 
venting migration of the materials into adjacent layers. 25 

A planar article or form, as used herein, is an article 
or form made so as to have length and width dimen- 
sions, or radial dimensions, much greater than the thick- 
ness dimension. Examples of such articles include a 
polymeric film or membrane, a sheet of paper, a textile 30 
fabric, a ribbon, or a disc, and the like. It is apparent that, 
once formed, such articles can be used as an essentially 
flat article, or wound, folded, or twisted into more com- 
plex configurations. 

By porous as used herein is meant a structure of 35 
interconnected pores or voids such that continuous pas- 
sages and pathways throughout a material are provid- 
ed. 

One embodiment of the invention is a unitary as- 
sembly which comprises a planar composite solid poly- *o 
mer ion exchange membrane comprising at least one 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and a planar elec- 
trode in intimate contact with and bonded to a planar *s 
surface of the solid polymer ion exchange membrane 
by the solid polymer ion exchange resin. 

Another embodiment of the invention is a unitary as- 
sembly which comprises a planar composite solid poly- 
mer ion exchange membrane comprising at least one so 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and two planar elec- 
trodes, each electrode in intimate contact with and 
bonded to a planar surface of the solid polymer ion ex- ss 
change membrane by the solid polymer ion exchange 
resin. 

Yet another embodiment of the invention is a unitary 



assembly which comprises a planar composite solid pol- 
ymer ion exchange membrane comprising at least one 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and a planar elec- 
trode comprising a preformed electrode-support of po- 
rous polytetrafluoroethylene containing both a solid pol- 
ymer ion exchange resin and a catalyst material, and 
which is in intimate contact with and bonded to a planar 
surface of the solid polymer ion exchange membrane 
by solid polymer ion exchange resin. 

A further embodiment of the invention is a unitary 
assembly which comprises a planar composite solid pol- 
ymer ion exchange membrane comprising at least one 
preformed membrane-support of porous polytetrafluor- 
oethylene which contains, and is made nonporous by, 
solid polymer ion exchange resin; and two planar elec- 
trodes each of which comprises a preformed electrode- 
support of porous polytetrafluoroethylene containing 
both a solid polymer ion exchange resin and a catalyst 
material and which are in intimate contact with and 
bonded to a planar surface of the solid polymer ion ex- 
change membrane by solid polymer ion exchange resin. 

Other embodiments of the invention are unitary as- 
semblies which comprise a planar solid polymer ion ex- 
change membrane and one or two planar electrodes; 
each electrode comprising a preformed electrode-sup- 
port of porous polytetrafluoroethylene containing both a 
solid polymer ion exchange resin and a catalyst materi- 
al, and each electrode in intimate contact with and bond- 
ed to a planar surface of the solid polymer ion exchange 
membrane by solid polymer ion exchange resin. 

This invention provides a unitary solid polymer ion 
exchange membrane/electrode assembly. The solid 
polymer ion exchange membrane comprises at least 
one preformed membrane-support of porous expanded 
polytetrafluoroethylene which is filled and made nonpo- 
rous with solid polymer ion exchange resin. The porous 
PTFE membrane-support is typically filled by impregna- 
tion of a liquid composition containing the ion exchange 
resin into the membrane-support. The electrode com- 
prises electrode constituents, which include both a solid 
polymer ion exchange resin and a catalyst material, and 
a support matrix of polytetrafluoroethylene. The elec- 
trode is intimately joined and adhered to the solid poly- 
mer ion exchange membrane by a bond formed be- 
tween the ion exchange resin present in both layers. 

As noted above, in the unitary solid polymer ion ex- 
change membrane/electrode assembly of the invention, 
the composite ion exchange membrane comprises at 
least one membrane-support consisting of a preformed 
porous film of polytetrafluoroethylene. Electrodes of the 
assembly preferably also comprise an electrode-sup- 
port consisting of a preformed porous film of poly- 
tetrafluoroethylene. However, other electrode struc- 
tures, also inclusive of a polytetrafluoroethylene support 
matrix, preferably an expanded polytetrafluoroethylene 
support matrix, can be obtained by mixing together elec- 
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trically-conductive particulate materials and PTFE resin 
particles and co-forming the mixture to produce an elec- 
trode structure suitable for use in the assembly. Such 
methods are particularly useful for forming gas diffusion 
regions or gas diffusion layers of the electrodes. A proc- 
ess for co-forming particulate materials and poly- 
tetrafluoroethylene resin to produce a particle-filled ex- 
panded polytetrafluoroethylene film is disclosed in U.S. 
Patent No. 4,985,296 (to Mortimer). 

Porous polytetrafluoroethylene film suitable for use 
as the membrane-support or electrode-support can be 
made by processes known in the art, for example, by 
stretching or drawing processes, by papermaking proc- 
esses, by processes in which filler materials are incor- 
porated with the PTFE resin which are subsequently re- 
moved to leave a porous structure, or by powder sinter- 
ing processes. Preferably the porous polytetrafluoroeth- 
ylene film is porous expanded polytetrafluoroethylene 
film having a structure of interconnected nodes and fi- 
brils, as described in U.S. Patent Nos. 3,953,566 and 
4,187,390 (to Gore), and European Patent Application 
No. 0 661 336 (to Morishita, et al.), which describe the 
preferred material and processes for making them. 

For use as a membrane-support, the porous poly- 
tetrafluoroethylene film should have a thickness in the 
range 1 to 100 micrometers, preferably in the range 2 
to 30 micrometers; a pore volume in the range 60 to 98 
percent, preferably in the range 60 to 95 percent; and a 
nominal pore size in the range 0.05 to 5 micrometers, 
preferably in the range 0.2 to 2 micrometers. A mem- 
brane which is too thin tends to have flaws which cause 
short circuits or gas leaks across the membrane. If the 
pore size is too small, impregnation of the the solid pol- 
ymer ion exchange resin into the membrane-support is 
made difficult; and if the pore size is too large the mem- 
brane-support loses its ability to retain and prevent mi- 
gration of the liquid composition containing the solid pol- 
ymer ion exchange resin. Too low a pore volume in- 
creases the membrane resistance due to an insufficien- 
cy of ion exchange resin; and an excessively high pore 
volume results in a membrane-support film too weak for 
use. 

For use as an electrode-support, the porous poly- 
tetrafluoroethylene film should have a thickness in the 
range 3 to 200 micrometers, preferably in the range 5 
to 20 micrometers; a pore volume in the range 60 to 95 
percent, preferably in the range 85 to 95 percent; and a 
maximum pore size defined by an isopropanol bubble 
point (IBP) in the range 0.05 to 0.5 kg/cm 2 , preferably 
in the range 0.05 to 0.3 kg/cm 2 . (A description of the 
Bubble Point Test is provided hereinbelow). The opti- 
mum electrode-support film thickness varies according 
to the amount of catalyst material needed for an appli- 
cation, but a thickness below about 3 micrometers 
makes it difficult to obtain an adequate number and 
proper three-dimensional distribution of catalyst sites. A 
thickness greater than about 200 micrometers impedes 
gas diffusion and ion conduction, and the electrode can- 



not function properly. A pore volume less than about 60 
percent increases the amount of PTFE relative to the 
amount of catalyst material and does not permit low re- 
sistance values to be obtained. A maximum pore size 
5 indicated by an IBP greater than 0.5 kg/cm 2 corre- 
sponds to a porous PTFE structure having pore sizes 
too small to easily introduce catalyst materials, e.g., 
Platinum-supporting carbon particles, into the structure. 
It is also preferred that the structure of the porous ex- 
10 panded polytetrafluoroethylene electrode-support, i.e., 
a structure of nodes interconnected by fibrils, be one in 
which the size of the nodes is as small as possible in 
order to increase the usable pore volume and facilitate 
introduction of the catalyst particles and solid polymer 
is ion exchange resin into the structure. 

It is through the use of such independently made 
preformed expanded polytetrafluoroethylene support 
membranes that the performance of the ion exchange 
membrane/electrode assembly can be optimized. Mem- 
20 brane properties such as strength, pore volume, pore 
size, and thickness can be tailored according to the 
needs of the layer of the composite assembly in which 
they will be used to obtain desired cell properties, such 
as catalyst amounts, gas diffusivity, electronic and ionic 
25 conduction. Furthermore, use of the membrane-support 
and electrode-support films provides much greater uni- 
formity and reproducibility, permits a variety of manufac- 
turing methods to be used, and thus, greater flexibility 
in choice of manufacturing methods, and facilitates 
30 manufacture of the assembly. Additionally, their pres- 
ence during manufacture of the assembly serves to re- 
duce problems associated with migration of solvents or 
other materials into adjacent layers such as are encoun- 
tered in the manufacture of conventional electrochemi- 
35 cal cell structures. 

No particular limitations are placed on the ion ex- 
change or electrolyte resins so long as they are amena- 
ble to impregnation into and retention by the membrane- 
support and electrode-support films. Hydrocarbon- 
40 based or fluorine-based ion exchange resins can be 
used as desired. Preferably, solid polymer ion exchange 
resins are used, in particular, solid polymer ion ex- 
change resins which can be dissolved, or at least par- 
tially dissolved, in suitable solvents to form liquid com- 
^5 positions that can be impregnated into the support films. 
Most preferable are perfluorocarbon-based ion ex- 
change resins, especially perfluorosulfonic acid resins, 
for example, such as are sold under the trademarks 
Nafion® (DuPont Co.) or F I em ion® (Asahi Glass Co.). 
50 Suitable solvents for these ion exchange resins are well 
known in the art, and include various alcohols and other 
organic solvents, water, or mixtures of these with water. 
To aid in impregnation of a porous expanded poly- 
tetrafluoroethylene membrane-support film, depending 
55 on the molecular weight of the solid polymer resin or on 
the type of solvent used, the solvent concentration in the 
liquid composition can be varied, a surface treatment 
given to the polytetrafluoroethylene, or a surfactant 
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used. Surfactants may also be included in the liquids to 
facilitate mixing and dispersion of the materials forming 
the liquid compositions. 

As with the ion exchange resins, no particular limi- 
tations are placed on the catalyst materials so long as s 
they are amenable to impregnation into and retention by 
the membrane-support and electrode-support films. 
Any particulate material, or powder, acting as a catalyst 
can be used, and will be selected according to the ap- 
plication intended. Examples include, but are not limited io 
to, lead dioxide for ozone generating electrodes, plati- 
num or platinum alloys for hydrolytic electrodes, plati- 
num or platinum alloys supported on carbon black, and 
the like. 

The catalyst materials and a solid polymer ion ex- is 
change resin are combined in a liquid mixture for im- 
pregnation into an electrode-support film, or for surface 
coating or impregnation into an electrode structure. This 
can be done, for example, by dispersing the catalyst 
powder in solvents such as those described above, and 20 
then adding ion exchange resin, or a liquid composition 
containing ion exchange resin, to form the liquid mixture. 
If desired, it is also possible to include a fluoropolymer, 
such as PTFE, tetrafluoroethy!ene/(perfluoroaIkyl) vinyl 
ether copolymer (PFA), or tetrafluoroethylene/hex- 25 
afluoropropylene copolymer (FEP), in such liquid mix- 
tures to enhance water repellency in the electrode struc- 
ture. It is also possible to include a pore-forming agent, 
such as ammonium bicarbonate, sodium chloride, or 
calcium carbonate, which is removed after formation of 30 
the membrane, for example, by heating or leaching, to 
create voids to improve gas diffusivity. 

Catalyst materials can also be introduced into an 
electrode structure as a catalyst precursor. In such a 
case the liquid mixture to be impregnated into an elec- 35 
trode-support film is a mixture obtained by combining a 
liquid dispersion of noncatalytic electrically-conductive 
particles and a liquid composition containing the catalyst 
precursor and a solid polymer ion exchange resin. That 
is, it may be a liquid mixture of noncatalytic electrically- 40 
conductive particles, a solid polymer ion exchange res- 
in, and a solid polymer ion exchange resin which has a 
catalyst metal precursor bonded to its exchange groups. 
For example, carbon black is used as the electrically- 
conductive particles; the carbon black is dispersed in a *s 
liquid composition containing solid polymer ion ex- 
change resin to allow the resin to adsorb onto the carbon 
black. Catalyst metal anions, such as in a platinum-am- 
mine complex solution, are then added to bring about 
ion exchange, after which more solid polymer ion ex- so 
change resin is added. The ingredients can be mixed 
simultaneously or added sequentially. When such a mix- 
ture is used, the catalyst precursor must be converted 
to a catalyst by some type of reducing treatment after 
the solid polymer ion exchange membrane/electrode ss 
has been formed. Such reducing treatments include 
heating and hydrogen reduction, chemical reduction us- 
ing sodium borohydride, and other reducing treatments 



known in the art. A highly active catalyst can be obtained 
with the use of such methods. 

In the preparation of a unitary ion exchange mem- 
brane/electrode assembly of the present invention, the 
pores of the porous expanded polytetrafluoroethylene 
membrane-support film are impregnated with a solid 
polymer ion exchange resin to obtain a composite mem- 
brane that is thin yet has high strength. Impregnation 
can be accomplished using equipment and methods 
known in the art, and no particular restrictions are im- 
posed. For example, the porous expanded poly- 
tetrafluoroethylene membrane-support film can be 
dipped or immersed in a liquid composition containing 
the resin; or the liquid composition may be applied to 
the surface by brushing or spraying, by screen printing, 
by roll coating, and the like, after which the solvent is 
removed. Such methods may be repeated a number of 
times until the pores are essentially completely filled 
with the solid polymer ion exchange resin and a nonpo- 
ro us composite film is produced. The solvent can be re- 
moved by any convenient method such as air drying, 
heating in an oven or over heated rolls, and the like. If 
heating is used, temperatures which can lead to decom- 
position of the ion exchange resin should be avoided. 
Due to the strength and handleability of the porous ex- 
panded polytetrafluoroethylene film, and its ability to re- 
tain the liquid composition containing the ion exchange 
resin in its porous structure, the composite solid polymer 
ion exchange resin-filled membrane-support film can be 
formed separately, and subsequently intimately joined 
to an electrode structure; or it can also be formed in 
place on the surface of an electrode or other substrate, 
for example, by first superposing the porous expanded 
polytetrafluoroethylene membrane-support film on an 
electrode structure and then impregnating the mem- 
brane-support film, which simultaneously joins it to the 
electrode. 

A preferred structure for the unitary solid polymer 
ion exchange membrane/electrode assembly of the in- 
vention comprises an electrode structure having a pre- 
formed electrode-support also consisting of a preformed 
porous film of polytetrafluoroethylene. The porous ex- 
panded polytetrafluoroethylene electrode-support films 
are impregnated with the liquid mixtures containing cat- 
alyst materials and solid polymer ion exchange resin by 
the same means described above. As with the ion ex- 
change membrane-support described above, the elec- 
trode-support film can be impregnated separately; or 
while on a substrate providing a release surface, or on 
the surface of a substrate to which it is simultaneously 
intimately joined, such as, for example, the surface of a 
collector, a gas diffusion material, an ion exchange 
membrane, or preferably, a composite solid polymer ion 
exchange resin-filled membrane-support film. 

In the course of impregnation and desolvat ion/so- 
lidification of the liquid mixtures, the solid polymer ion 
exchange resin causes the catalyst particles to adhere 
to each other and serves as a binder in fixing the catalyst 
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particles in the internal structure of the expanded poty- 
tetrafluoroethylene matrix. The solid polymer ion ex- 
change resin in the electrode structure thus formed also 
serves as a binder to intimately join the structure to a 
composite solid polymer ion exchange resiri-filled film 
described above, and further serves to form routes 
through which the ions produced over the catalyst par- 
ticles rapidly migrate to the solid polymer ion exchange 
membrane. The mechanical strength of the electrode 
structure is derived from the expanded polytetrafluor- 
oethylene electrode -sup port matrix, therefore, only 
enough solid polymer ion exchange resin to accomplish 
the above purposes need be used, and results in a struc- 
ture with good gas diffusibility. An excess quantity of sol- 
id polymer ion exchange resin is not needed for the de- 
velopment of strength properties in the polytetrafluor- 
oethylene-supported structure and, because an exces- 
sive quantity of resin may reduce gas permeability as 
well as complicate manufacturing, is undesirable. Fur- 
thermore, when solvent is removed from the impregnat- 
ed liquid mixture, the solid components aggregate, with 
an attendant decrease in volume, however, the aggre- 
gating force is accommodated and distributed by the ex- 
panded polytetrafluoroethylene matrix so that minute 
cracks and gaps are formed in the contracting solids, 
further enhancing gas diffusivity. 

As noted earlier, use of preformed porous expand- 
ed polytetrafluoroethylene films makes possible a vari- 
ety of manufacturing methods of the unitary solid poly- 
mer ion exchange membrane/electrode assembly of the 
invention. When either a supported composite ion ex- 
change structure or composite electrode structure is 
made separately, it can be joined to the other by con- 
ventional methods such as by application of heat and 
pressure. However, a preferred method of joining the 
structures is by solvent-aided adhesive methods in a 
manner such that the influence of the solvent, or ion ex- 
change resin and solvent used as an adhesive, is limited 
to the region near the junction of the layers to be joined. 
The retention characteristics of the expanded poly- 
tetrafluoroethylene support matrix substantially pre- 
vents migration of solid polymer ion exchange resin, 
even when softened by a solvent, from the supported 
composite ion exchange structure, and likewise, sub- 
stantially prevents migration of electrode materials from 
a supported composite electrode structure. The solvent- 
aided joining of the layers can be effected, as indicated 
above, when one of the supported composite structures 
is impregnated and formed on the surface of another 
previously made structure. In the case where both struc- 
tures to be joined have been separately made and the 
solvent completely removed, a light topical application 
of solvent, or of a liquid composition of a solvent con- 
taining solid polymer ion exchange resin, can be made 
to the surface to be joined of a supported composite 
structure, and the layers joined. An advantage of such 
solvent-aided adhesion is that the structures can be 
joined with minimal compressive force applied to them 



and are not deformed in the joining step. In instances 
where a composite structures is joined to another as it 
is impregnated, virtually no compressive force is ap- 
plied. When a separately made and dried supported 

5 composite structure is joined to another, only a light 
compressive force applied in a manner to prevent for- 
mation and entrapment of air bubbles between the lay- 
ers is needed. 

It is apparent from the foregoing that the unitary as- 

10 sembly of the invention can be formed by a variety of 
methods and having a number of structures. For exam- 
ple, a unitary assembly having a composite solid poly- 
mer ion exchange resin-filled membrane-support film 
bonded to each side of a previously made ion exchange 

?5 membrane; a unitary assembly having a composite solid 
polymer ion exchange resin-filled membrane-support 
film, on one or both sides of which is bonded an elec- 
trode structure; and, preferably, a unitary assembly hav- 
ing a composite solid polymer ion exchange resin-filled 

20 membrane-support film on one or both sides of which is 
bonded an electrode structure having a composite solid 
polymer ion exchange resin-filled electrode-support 
film. 

There now follows a description of the Bubble Point 
25 Jest and of several examples according to the invention. 



TEST METHODS 

30 Bubble Point Test 

The Bubble Point was measured according to the 
procedures of ASTM F316-86. Isopropyl Alcohol was 
used as the wetting fluid to fill the pores of the test spee- 
ds imen. 

The Bubble Point is the pressure of air required to 
displace the isopropyl alcohol from the largest pores of 
the test specimen and create the first continuous stream 
of bubbles detectable by their rise through a layer of Iso- 
40 propyl Alcohol covering the porous media. This meas- 
urement provides an estimation of maximum pore size. 

Example 1 

45 An electrode consisting of graphite particles (95 wt. 
%) and PTFE resin particles (5 wt.%) was prepared by 
conventional paste-forming methods in which the par- 
ticulate materials were mixed together, lubricated, ram- 
extruded to form a tape, and calendered to form an elec- 

so trode sheet for a lithium ion cell. 

The surface of the electrode sheet was lightly coat- 
ed with a solution of an alkylene oxide polymer oligomer 
containing 0.15 mol of lithium perchlorate per ether link- 
age of the oligomer and 1 wt.% (based on the total 

55 weight of oligomer and lithium perchlorate) of benzyl 
dimethyl ketone, an ultraviolet (UV) radiation activated 
cross I in king agent 

A porous expanded polytetrafluoroethylene film 
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about 3 micrometers thick (Gore-Tex® expanded PTFE 
film, manufactured by Japan Gore-Tex, Inc.). and having 
a nominal pore size of about 1 micrometer and pore vol- 
ume of 93 percent was fixed to the surface of the coated 
electrode sheet. The porous PTFE film was coated and 
impregnated with the same solution applied to the elec- 
trode sheet so as to essentially completely fill the pores 
of the PTFE film and contact the solution coated on the 
electrode sheet, after which the composite article was 
subjected to UV radiation to effect crosslinking, and a 
unitary solid polymer ion exchange membrane/elec- 
trode assembly of the invention was produced. 

Example 2 

A gas diffusion electrode for a fuel cell was prepared 
as follows: 

An aqueous dispersion of carbon black particles 
("Denka Black", supplied by Denka Co.) and PTFE resin 
particles having a solids concentration 65 wt.% carbon 
black and 35 wt.% PTFE was prepared. The PTFE was 
coagulated, and the coagulum of mixed carbon black 
and PTFE dried. Naphtha was added and mixed into the 
dried coagulum as a lubricant The lubricated coagulum 
was ram-extruded to form a tape 2.5 mm thick. The ex- 
truded tape was calendered and the thickness reduced 
to 250 micrometers. The calendered tape was uniaxially 
stretched (in the longitudinal direction) at a temperature 
of about 250°C to 5 times its original length, and then 
again calendered to reduce its thickness by a factor of 
5. The porous electrically-conductive gas permeable 
electrode sheet thus produced was about 50 microme- 
ters thick, had a nominal pore size of about 1 microme- 
ter, and a pore volume of about 78 %. 

A collector sheet consisting of 1 30 micrometer thick 
carbon paper, supplied from Toray Co., was impregnat- 
ed with an aqueous dispersion of PTFE. The PTFE- 
treated collector sheet and gas diffusion electrode sheet 
were laminated together by application of heat (120°C) 
and pressure (20 kg/cm 2 ), after which the laminated as- 
sembly was heat treated at 360°C for 10 minutes. 

A liquid mixture containing catalyst material and sol- 
id polymer ion exchange resin was prepared. The cata- 
lyst material was platinum-coated (25 wt.%) carbon 
black (tradename - Vulcan® XC72), and the solid poly- 
mer ion exchange resin was Nafion® perfluorosulfonic 
acid resin (manufactured by DuPont Co.). A dispersion 
of 5 grams of Pt-coated carbon black in 40 grams of 
2-methyl,1 -propyl alcohol was prepared. A liquid com- 
position of isopropyl alcohol containing 9 wt.% Nafion® 
perfluorosulfonic acid resin was added to the dispersion 
to provide a liquid mixture having a relative concentra- 
tion of 30 wt.% perfluorosulfonic acid resin and 70 wt.% 
Pt-coated carbon. The liquid mixture was applied by 
brush to the surface of the gas diffusion electrode sheet, 
thereby forming a solid polymer ion exchange resin/cat- 
alyst containing region, and the solvent removed, thus 
completing the electrode structure. 



A porous expanded polytetrafluoroethylene film 
was fixed on the solid polymer ion exchange resin/cat- 
alyst coated surface of the electrode. The PTFE film was 
20 micrometers thick, had a nominal pore size of 0.2 

5 micrometer, and a pore volume of 89 %. The porous PT- 
FE film was coated with a liquid composition of isopropyl 
alcohol containing 5 wt.% Nafion® perfluorosulfonic ac- 
id resin (manufactured by DuPont Co.), and air dried. 
The coating and air drying steps were repeated 5 times 

10 until the pores of the PTFE film were essentially com- 
pletely filled, the layers joined by the solid polymer ion 
exchange resin present in each layer, the composite 
membrane-support film became semitransparent, and 
the surface of the film coated with the solid polymer ion 

is exchange resin. The composite assembly was heat 
treated at 130°C for 24 hours, and a unitary solid poly- 
mer ion exchange resin/electrode assembly was ob- 
tained. 

A second unitary solid polymer ion exchange resin/ 
20 electrode assembly was obtained exactly as described 
above. The membrane-supported ion exchange resin 
surface of one of the assembies was coated with a liquid 
composition of isopropyl alcohol containing 2 wt.% 
Nafion® perfluorosulfonic acid resin, placed on the 
25 membrane-supported ion exchange resin surface of the 
second assembly and lightly pressed to remove en- 
trapped air, after which the solvent was removed by air 
drying and the joined assemblies heat treated at 1 30° C 
for 24 hours. 

30 The unitary assemblies thus joined formed a larger 
unitary embodiment of the invention to which further 
components were joined. The complete assembly de- 
scribed above was mounted and operated as a gaseous 
fuel cell. Humidified hydrogen was fed on one side of 

35 the mounted assembly, and oxygen was fed on the other 
side at an operating temperature of 80° C. The cell de- 
veloped a voltage of 0.78 volts at a current level of 1 N 
cm 2 . 



40 Comparative Example 1 

An electrochemical cell assembly was prepared as 
described in Example 2, except that no membrane-sup- 
port films were used and the liquid composition of iso- 

45 propyl alcohol containing Nafion® perfluorosulfonic acid 
resin was applied directly to the gas permeable elec- 
trode sheet. Numerous cracks formed, and partial sep- 
aration from the substrate occurred. 

The electrochemical cell assembly was tested in a 

50 fuel cell as described in Example 2, and developed a 
voltage of 0.67 volts at a current level of 1 A/cm 2 . 

Example 3 

55 a composite membrane-supported solid polymer 
ion exchange resin-filled film was prepared separately. 
The PTFE film was 15 micrometers thick, had a nominal 
pore size of 0.2 micrometer, and a pore volume of 89 %. 
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The porous expanded polytetrafiuoroethylene 
membrane-support film was mounted in an open frame 
which gripped the film at the edges to restrain it from 
shrinking during impregnation of a liquid composition of 
isopropyl alcohol containing 5 wt.% solid polymer ion ex- 
change resin (Nafion® perfluorosulfonic acid resin). The 
restrained film was coated with the liquid composition 
which was absorbed by the porous membrane-support 
film, and air dried. The coating and drying steps were 
repeated three times, the pores of the PTFE film were 
essentially completely filled, and a semitransparent film 
was produced. 

A small amount of the same liquid composition was 
then applied by brush to the surface of the Nafion® res- 
in-filled membrane-support film thus produced and the 
wetted surface placed on the solid polymer ion ex- 
change resin/catalyst coated surface of an electrode 
structure, made as described in Example 2, and lightly 
pressed to remove entrapped air and intimately join the 
film to the electrode structure. The solvent was removed 
by air drying, thus completing a unitary assembly of the 
invention. 

Example 4 

A composite membrane-supported solid polymer 
ion exchange resin -filled film was prepared separately, 
as described in Example 3. 

A small amount of solvent, isopropyl alcohol, was 
applied by brush to the solid polymer ion exchange res- 
in/catalyst coated surface of an electrode structure 
(made as described in Example 2). the Nafion® resin- 
filled membrane-support film was immediately placed 
on the wetted surface of the electrode structure and 
lightly pressed to remove entrapped air and intimately 
join the film to the electrode structure. The solvent was 
removed by air drying, thus completing a unitary assem- 
bly of the invention. 

Example 5 

A composite membrane-supported solid polymer 
ion exchange resin-filled film was prepared as described 
in Example 3, except that the porous expanded poly- 
tetrafiuoroethylene membrane-support film was 30 mi- 
crometers thick. 

A small amount of a liquid composition of isopropyl 
alcohol containing 5 wt.% solid polymer ion exchange 
resin (Nafion® perfluorosulfonic acid resin )solvent, iso- 
propyl alcohol, was applied by brush to both surfaces of 
the resin-fllled film and the film was sandwiched be- 
tween the solid polymer ion exchange resin/catalyst 
coated surfaces of two electrode structures (made as 
described in Example 2). The assembly was lightly 
pressed together to remove entrapped air and intimately 
join the film to the electrode structures. The solvent was 
removed by air drying, thus completing a unitary assem- 
bly of the invention. 



Example 6 

A porous expanded polytetrafiuoroethylene film 
was fixed on the solid polymer ion exchange resin/cat- 
s alyst coated surface of an electrode structure (made as 
described in Example 2). The PTFE film was 40 microm- 
eters thick, had a nominal pore size of 0.7 micrometer, 
and a pore volume of 92 %. The porous PTFE film was 
coated with a liquid composition of isopropyl alcohol 
*o containing 5 wt.% Nafion® perfluorosulfonic acid resin 
(manufactured by DuPont Co.), and air dried. The coat- 
ing and air drying steps were repeated 3 times until the 
pores of the PTFE film were substantially filled. A fourth 
coating step was conducted, the solid polymer ion ex- 
i5 change resin/catalyst coated surface of a second elec- 
trode structure was lightly pressed against the wetted 
surface and joined by the solid polymer ion exchange 
resin present in each layer. The solvent was removed 
by air drying, thus completing a unitary assembly of the 
20 invention. 

Example 7 

A liquid dispersion of fine lead dioxide particles (0.2 

25 micrometer particle size) in isopropyl alcohol was pre- 
pared. To the dispersion was added a liquid composition 
of isopropyl alcohol containing 5 wt.% Nafion® perfluor- 
osulfonic acid resin (manufactured by DuPont Co.) and 
thoroughly mixed to form a first liquid mixture, having a 

30 relative concentration of 15 wt.% ion exchange resin 
and 85 wt.% lead dioxide. 

A porous expanded polytetrafiuoroethylene elec- 
trode-support film (thickness - 1 2 micrometers; pore vol- 
ume - 93%; IBP - 0.08 kg/cm 2 ) was superposed on a 

35 polypropylene release sheet and passed through the nip 
of a roll coater. The first liquid mixture described above 
was roll-coated on the surface of the electrode-support 
film and forced into the pores of the electrode-support 
film, after which the solvent was removed by air drying, 

40 the impregnated electrode-support film removed from 
the release sheet, and a first electrode thus completed. 

A dispersion of carbon black/platinum (20 wt.%) 
particles (from NE Chemcat Co.) in isopropyl alcohol 
was prepared. To the dispersion was added a liquid 

45 composition of isopropyl alcohol containing 5 wt.% 
Nafion® perfluorosulfonic acid resin (manufactured by 
DuPont Co.) and thoroughly mixed, with the aid of ultra- 
sonic agitation, to form a second liquid mixture, having 
a relative concentration of 40 wt.% ion exchange resin 

so and 60 wt.% carbon black supported platinum. 

A second porous expanded polytetrafiuoroethylene 
electrode-support film, identical to the first electrode- 
support, was fixed to the surface of 200 micrometers 
thick carbon paper (manufactured by Toray Co.). The 
55 second liquid mixture was coated on the surface of the 
electrode-support film and impregnated into the pores 
of the film, after which the solvent was removed by air 
drying, and a second electrode thus completed. 
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A solid polymer ion exchange membrane (Nafion® 
117 perfluorosulfonic acid membrane, manufactured by 
Dupont. Co.) was sandwiched between the first elec- 
trode structure and the second electrode structure, and 
laminated by application of heat (140°C) and pressure s 
(25 kg/cm 2 ) to form a unitary assembly of the invention. 

A platinum-plated titanium mesh was applied to the 
surface of the first electrode as a collector, and the uni- 
tary assembly and collector sandwiched between 
ribbed, platinum-plated, stainless steel plates to form an io 
electrochemical cell. Purified water was fed to the ribbed 
portions, and the cell was operated as an ozone gener- 
ator by water electrolysis using a solid polymer electro- 
lyte. 

15 

Example 8 

A dispersion of 5 grams of carbon black/platinum 
(25 wt.%) particles (from NE Chemcat Co.) in 40 grams 
of 2-methyl, 1 -propyl alcohol was prepared. To the dis- 20 
persion was added a liquid composition of isopropyl al- 
cohol containing 9 wt.% Nafion® perfluorosulfonic acid 
resin (manufactured by DuPont Co.) and thoroughly 
mixed, with the aid of ultrasonic agitation, to form a liquid 
mixture, having a relative concentration of 25 wt.% ion 25 
exchange resin and 75 wt.% carbon black supported 
platinum. 

A collector sheet consisting of 230 micrometer thick 
carbon paper, manufactured by Toray Co., was impreg- 
nated with an aqueous dispersion of PTFE to develop 30 
water repellency, and then heat treated at 360°C for 10 
minutes. A porous expanded polytetrafluoroethylene 
electrode-support film (thickness - 1 6 micrometers; pore 
volume - 94%; IBP - 0.12 kg/cm 2 ) was fixed to the sur- 
face of the carbon paper. The liquid mixture was applied 35 
by brush to impregnate the pores of the electrode-sup- 
port film, after which the solvent was removed by air dry- 
ing. The composite structure was heat treated at 120°C 
for 24 hours, thus completing a first electrode. 

A porous expanded polytetrafluoroethylene mem- 40 
brane-support film (thickness - 20 micrometers; pore 
volume - 93%; IBP - 0,15 kg/cm 2 ) was fixed to the ion 
exchange resin/catalyst impregnated surface of the first 
electrode. The porous PTFE film was coated by brush 
with a liquid composition of isopropyl alcohol containing *s 
5 wt.% Nafion® perfluorosulfonic acid resin (manufac- 
tured by DuPont Co.), and air dried. The coating and air 
drying steps were repeated 3 times until the pores of the 
PTFE film were essentially completely filled and the lay- 
ers joined by the solid polymer ion exchange resin so 
present in each layer, thus forming a first unitary assem- 
bly of the invention. 

An aqueous dispersion of carbon black particles 
("Denka Black 8 , supplied by Denka Co.) and PTFE resin 
particles having a solids concentration 60 wt.% carbon ss 
black and 40 wt.% PTFE was prepared. The PTFE was 
coagulated, and the coagulum of mixed carbon black 
and PTFE dried. Naphtha was added and mixed into the 



dried coagulum as a lubricant. The lubricated coagulum 
was ram-extruded to form a tape 2.5 mm thick. The ex- 
truded tape was calendered and the thickness reduced 
to about 300 micrometers. The calendered tape was 
uniaxially stretched (in the longitudinal direction) at a 
temperature of about 250 ft C to 5 times its original length, 
and then again calendered to reduce its thickness by a 
factor of 5. The electrically-conductive gas permeable 
electrode sheet thus produced was about 60 microme- 
ters thick, had a nominal pore size of about 1 microme- 
ter, and a bulk density of 0.51 g/cc. A collector sheet, 
identical to the collector sheet bonded to the first elec- 
trode, was fixed to one surface of the gas permeable 
electrode sheet. 

A porous expanded polytetrafluoroethylene elec- 
trode-support film, identical to the electrode-support film 
of the first electrode, was fixed to the other surface of 
the gas permemable electrode sheet, and impregnated 
with the liquid mixture of ion exchange resin/catalyst 
particles, and heat treated as described above, thus 
forming a second electrode. 

A porous expanded polytetrafluoroethylene mem- 
brane-support film, identical to the membrane-support 
joined to the first electrode, was fixed to the ion ex- 
change resin/catalyst impregnated surface of the sec- 
ond electrode, and was impregnated with the same ma- 
terials and in the same manner, thus forming a second 
unitary assembly of the invention. 

A small amount of the same liquid composition of 
isopropyl alcohol containing 5 wt.% Nafion® perfluoro- 
sulfonic acid resin described above was then applied by 
brush to the surface of the Nafion® resin-filled mem- 
brane-support film of the second assembly and the ion 
exchange resin-containing surfaces of the first and sec- 
ond assemblies were brought together and lightly 
pressed to remove entrapped air and intimately join the 
assemblies, after which the solvent was removed by air 
drying and another embodiment of the unitary assembly 
of the invention completed. 

This embodiment of the invention was mounted and 
operated as a gaseous fuel cell. Humidified hydrogen 
was fed on one side of the mounted assembly, and ox- 
ygen was fed on the other side at an operating temper- 
ature of 80°C. The cell developed a voltage of 0.71 volts 
at a current level of 1 A/cm 2 . 

Example 9 

A porous expanded polytetrafluoroethylene mem- 
brane-support film (thickness - 10 micrometers; pore 
volume - 83%; IBP - 1.75 kg/cm 2 ) was superposed on 
a polypropylene release sheet. The membrane-support 
film was coated by brush with a liquid composition of 
isopropyl alcohol containing 5 wt.% Nafion® perfluoro- 
sulfonic acid resin (manufactured by DuPont Co.), and 
air dried at 70°C. The coating and air drying steps were 
repeated 4 times until the pores of the PTFE film were 
essentially completely filled, resulting in a virtually trans- 
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parent composite solid polymer ion exchange mem- 
brane. 

A liquid mixture containing 25 wt.% Nafion® per- 
fluorosulfonic acid resin (manufactured by DuPont Co.) 
and 75 wt.% carbon black/platinum (30 wt.%) particles s 
(from NE Chemcat Co.) was prepared as described in 
Example 8. 

A porous expanded polytetrafluoroethylene elec- 
trode-support film (thickness - 10 micrometers; pore vol- 
ume - 91%; IBP - 0.1 3 kg/cm 2 ) was fixed to the surface 10 
of the composite solid polymer ion exchange membrane 
on the polypropylene release sheet. The liquid mixture 
was applied by brush to the surface of the electrode- 
support film, impregnated into the pores of the film, and 
joined to the PTFE membrane-supported solid polymer is 
ion exchange membrane. The solvent was removed by 
air drying at 70°C, and a unitary assembly of the inven- 
tion was produced. 

A second assembly was formed in like manner. The 
two assemblies were brought together with the ion ex- 20 
change membrane surfaces in contact, thermally fused 
together by passage through the nip of a pair of rolls 
heated to 1 50°C, and removed from the polypropylene 
release sheet, thus forming another embodiment of the 
invention having a unitary assembly in an electrode/sol- 2s 
id polymer ion exchange membrane/electrode arrange- 
ment. 

A porous gas permeable electrode sheet and a PT- 
FE -treated carbon paper collector, of the materials and 
arranged as described in Example 2, were disposed 30 
against each electrode surface of the electrode/solid 
polymer ion exchange membrane/electrode embodi- 
ment and held in place in a fuel cell by mechanical force 
exerted against them by ribbed gas supply separators. 
In the fuel cell, one electrode served as the air electrode, 35 
while the other served as the hydrogen electrode. When 
the fuel cell was supplied with air and hydrogen, an out- 
put of 0.64 volts at a current density of 0.5 A/cm 2 was 
obtained. The alternating current resistance was about 
0.07 ohm-cm 2 , and there was virtually no change in the <*o 
resistance after 800 hours of operation. 

Example 10 

Two unitary solid polymer ion exchange membrane/ 45 
electrode assemblies were made as described in Exam- 
ple 9, except that the porous expanded polytetrafluor- 
oethylene membrane-support film fixed on the polypro- 
pylene release sheet was 6 micrometers thick and only 
two impregnation/drying steps used to impregnate and so 
fill the film with the liquid composition of isopropyl alco- 
hol containing 5 wt.% Nafion® perfluorosulfonic acid 
resin. 

A separately prepared Nafion® 112 perfluorosul- 
fonic acid ion exchange membrane (manufactured by ss 
DuPont Co.) was interposed between the ion exchange 
membrane surfaces of the unitary assemblies and 
bonded by hot pressing at a temperature of 140°C and 



pressure of 30 kg/cm 2 to form a unitary electrode/solid 
polymer ion exchange membrane/electrode assembly 
of the invention. 

This embodiment of the invention was placed in a 
fuel cell having the arrangement described in Example 
9 and, when supplied with oxygen and hydrogen, the 
fuel cell had an output of 0.6 volts at a current density 
of 1 A/cm 2 . 

Example 11 

A liquid mixture containing 25 wt.% Nafion® per- 
fluorosulfonic acid resin (manufactured by DuPont Co.) 
and 75 wt.% carbon black/platinum (30 wt.%) particles 
(from NE Chemcat Co.) was prepared as described in 
Example 8. 

A porous expanded polytetrafluoroethylene elec- 
trode-support film (thickness - 10 micrometers; pore vol- 
ume - 91%; IBP - 0.13 kg/cm 2 ) was placed on the sur- 
face of a polypropylene release sheet. The liquid mix- 
ture was applied by brush to the surface of the electrode- 
support film and impregnated into the pores of the film. 
The solvent was removed by air drying at 70°C, and a 
first electrode was completed. 

A porous expanded polytetrafluoroethylene mem- 
brane-support film (thickness - 18 micrometers; pore 
volume - 85%; IBP - 1.75 kg/cm 2 ) was superposed on 
the electrode. The membrane-support film was coated 
by brush with a liquid composition of isopropyl alcohol 
containing 9 wt.% Nafion® perfluorosulfonic acid resin 
(manufactured by DuPont Co.), and air dried at 70°C. 
The coating and air drying steps were repeated 5 times 
until the pores of the membrane-support film were es- 
sentially completely filled, and the ion exchange mem- 
brane thus formed was joined to the electrode. 

A porous expanded polytetrafluoroethylene elec- 
trode-support film as used in the first electrode was 
placed on the ion exchange membrane of the assembly 
described above. A second electrode was formed and 
joined to the ion exchange membrane in the same man- 
ner and with the same materials as the first electrode. 
After the final drying step, the unitary electrode/solid pol- 
ymer ion exchange membrane/electrode assembly of 
the invention was removed from the polypropylene re- 
lease sheet. 

This embodiment of the invention was used to con- 
struct a fuel cell having the arrangement described in 
Example 9 and, when supplied with air and hydrogen, 
the fuel cell had an output of 0.62 volts at a current den- 
sity of 0.5 A/cm 2 . The alternating current resistance of 
the fuel cell was 0.065 ohm-cm 2 . 



Claims 

1 . A unitary assembly for an electrochemical cell com- 
prising 
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a composite solid polymer ion exchange mem- 
brane having first and second planar surfaces; 
said composite ion exchange membrane com- 
prising at least one preformed membrane-sup- 
port of porous expanded polytetrafluoroethyl- 5 
ene, said membrane-support containing, and 
made nonporous by, solid polymer ion ex- 
change resin; and 

a first electrode having two planar surfaces, 
one surface of said first electrode in intimate 10 
contact with said first surface of said solid pol- 
ymer ion exchange membrane and bonded to 
said membrane by said solid polymer ion ex- 
change resin. 

15 

2. The assembly as recited in Claim 1 further compris- 
ing 

a second electrode having a surface in intimate 
contact with said second surface of said com- 20 
posite solid polymer ion exchange membrane 
and bonded to said membrane by said solid pol- 
ymer ion exchange resin. 

3. The assembly as recited in Claim 1 wherein said 25 
first electrode comprises a preformed electrode- 
support of porous expanded polytetrafluoroethyl- 
ene, said electrode-support containing both a solid 
polymer ion exchange resin and a catalyst material. 

30 

4. The assembly as recited in Claim 3 wherein said 
preformed electrode-support further contains a 
noncatalytic electrically-conductive material. 

>. The assembly as recited in Claim 3 wherein said 35 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
exchange resin. 40 

>. The assembly as recited in Claim 4 wherein said 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- *5 
cally-conductive material by said solid polymer ion 
exchange resin. 

. The assembly as recited in Claim 2 wherein said 
second electrode comprises a preformed elec- so 
trode-support of porous expanded polytetrafluor- 
oethylene, said electrode-support containing both a 
solid polymer ion exchange resin and a catalyst ma- 
terial. 

55 

. The assembly as recited in Claim 7 wherein said 
preformed electrode-support further contains a 
noncatalytic electrically-conductive material. 



9. The assembly as recited in Claim 7 wherein said 
second surface of said second electrode is in inti- 
mate contact with an electrically-conductive gas dif- 
fusion material, said second electrode bonded to 
said electrically-conductive material by said solid 
polymer electrolyte resin. 

10. The assembly as recited in Claim 8 wherein said 
second surface of said second electrode is in inti- 
mate contact with an electrically-conductive gas dif- 
fusion material, said second electrode bonded to 
said electrically-conductive material by said solid 
polymer electrolyte resin. 

1 1 . A unitary assembly for an electrochemical cell com- 
prising 

a solid polymer ion exchange membrane hav- 
ing first and second planar surfaces; and 
a first electrode having two planar surfaces; 
said first electrode comprising a preformed 
electrode-support of porous expanded poly- 
tetrafluoroethylene, said electrode-support 
containing both a solid polymer ion exchange 
resin and a catalyst material; 
wherein one surface of said first electrode is in 
intimate contact with said first surface of said 
solid polymer ion exchange membrane and 
bonded to said membrane by said solid poly- 
mer ion exchange resin. 

12. The assembly as recited in Claim 11 further com- 
prising 

a second electrode comprising a preformed 
electrode-support of porous expanded poly- 
tetrafluoroethylene, said electrode-support 
containing both a solid polymer ion exchange 
resin and a catalyst material; 
wherein one surface of said second electrode 
is in intimate contact with said second surface 
of said solid polymer ion exchange membrane 
and bonded to said membrane by said solid pol- 
ymer ion exchange resin. 

13. The assembly as recited in Claim 11 wherein said 
preformed electrode-support further contains a 
noncatalytic electrically-conductive material. 

14. The assembly as recited in Claim 12 wherein said 
preformed electrode-support further contains a 
noncatalytic electrically-conductive material. 

15. The assembly as recited in Claim 11 wherein said 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
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16. The assembly as recited in Claim 12 wherein said 
second surface of said first electrode is in intimate 
contact with an electrically-conductive gas diffusion 
material, said first electrode bonded to said electri- 
cally-conductive material by said solid polymer ion 
exchange resin. 
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